Crop production depends on rainfall, and rainfall is affected by extreme weather conditions. Markov chain and time series model are adapted for the study of the pattern of rainfall in the North Central Region of Nigeria. Results reveal the long run distributions of the dry and wet days to be 0.7841, and 0.2159 respectively. The mean return time to dry and wet days is 1.2753 and 4.6318 respectively. Further result reveals that the volume of water due to rainfall is on the increase.
INTRODUCTION
The increased frequency of extreme weather events across the globe due to global warming has become a major public concern. Particularly, it is feared that the frequency and intensity of some extreme precipitation events, such as heavy rain and severe drought will increase alarmingly in some areas in the near future due to changes in the patterns of hydrological cycles as global warming progresses, (Kamiguchi et al, 2006 6.4 o C (2.0 to 11.5 o F ) during the twenty-first century, (IPCC, 2001) . Both climate models and satellite observations indicate that the total amount of water in the atmosphere and precipitation increased at a rate of about 7% per Kelvin of surface warming in the last two decades, (Wentz, et al 2007) . The consequences of heavy rainfall are evident in wide spread flood incidences around the globe. According to the report of National Wildlife Federation, United States lost over 115 billion USD from 1960 to 2005 in direct damages due to weather and climate disaster which floods and severe storms contributed a significant part (www.nwf.org/globalwarming). According to the National Emergency Management Agency (NEMA), not fewer than 258,000 Nigerians were displaced by flood in 2010 (redskynews.com). The situation was not any better in 2011 as flood incidences were on the increase across the country. Nevertheless, the impact of rainfall on agriculture need not be overemphasized, see Jiduana et. al.(2012 ), Bello et. al. (2012 , Apata(2011) . In Nigeria, more than 79% of the cultivated area is rain fed and much locally produced food comes from such areas, the quantity depending upon the amount and distribution of rainfall. In particular, the North Central region of Nigeria is known for her dependence on agriculture and agricultural products as means of livelihood. An important feature of the rainfall pattern is the timings of the end of the wet season. If this occurs too soon the crop may not have sufficient water to reach maturity. However, excessive wet weather may prevent ripening and harvesting. Hence, projection of future rainfall using past rainfall records is useful in crop planning. Chukwu (1992) , Ayinde et. al. (2011 ), Nwaiwu et. al. (2014 This study aims at determining the effect of global warming on the pattern of rainfall in the North Central Region of Nigeria in the last three decades using Markov chain and classical time series model. Some contributions on agricultural planning will be made based on the findings.
METHOD 2.1
Data Daily data on the amount of rainfall measured in millimeter (mm) was collected from the records of meteorological Agency, a department under the Nigerian Air Force Tactical Air Command, Makurdi, Benue State, Nigeria. The data was collected using the appropriate measurement tool known as the Rain gauge. The classification of the wet and dry day is such that any day the amount of rain is measurable by the rain gauge is termed wet day otherwise it is dry. The longitude of this rainfall data was measured at 08 o 37'E and on latitude 07 0 41'N. The height of the station from which all measurement was taken is 106.4 meters. The data cover a period of 30 years . North Central Nigeria comprise of the following states, Benue, Kogi, Nasarawa, Niger, Plateau, Kwara and the Federal capital territory, Abuja. This region has the same climatic condition, namely, the Tropical Savanna climatic, characterized by a minimum temperature of 18 o C (64 o F) through the year and annual rainfall of about 1500mm (59.1 in). Obioha (2009) . Hula (2010) , Umeghhalu and Okonkwo (2012) .
Models 2.2.1 Markov Chain
Consider a stochastic process {I ; J = 0, 1, 2, ⋯ } that takes on a countable number of possible values. If I = ˩ then the process is said to be in state ˩ and there is a likelihood that it will transit to the next state ˪ with fixed probability ˜ . That is,
1) for all states ˩ " , ˩ # , ⋯ , ˩ # , ˩, ˪ and all J ≥ 0 . Such a stochastic process is known as a Markov chain. Equation (2.1) means that the conditional distribution of any future state I # given the past states I " , I # , ⋯ , I # and the present state I , is independent of the past states and depends only on the present state. Our classification of the Dry (˖) and Wet (ˣ) periods will results to a 2-state Markov Chain Model with probability of going from a dry state to a wet state and the probability of going from a dry state to a dry state as 1 − , the probability of going from a wet state to a dry state as and the probability of going from a wet state to a wet state as 1 − . By matrix representation we have;
˜ denote the matrix of a one step transition probabilities ˜ such that ˜ ≥ 0; ˜ = 1; ˩, ˪ = ˖, ˣ.It has the property that all its transition probabilities ij P are fixed (stationary) and independent overtime. In an irreducible ergodic Markov chain the steady state probabilities are defined as = lim →∞˜ ; ˪ = ˖, ˣ.
is the unique nonnegative solution of
2) is independent of the initial state ˩.
A direct by-product of the steady-state probabilities is the determination of the expected number of transitions that a Markov Chain, starting in state j, will returns to a state j for the first time. This is called, the Mean First Return Time or the Mean Recurrence Time, and is computed as = 1 ; ˪ = ˖, ˣ .
Hence, the Mean First return Time for Dry (˖) and Wet (ˣ) days are = 1 and = 1 9 respectively. The expected weather cycle, ˗(˕) is then define as
3) The Markov model definitions are due to Ross (1989) 
Time Series Models
Time series models are adopted to determine the trend of rainfall in the region. For a detail discussion see Janascek and Swift (1993) . We consider the classical additive time series model;
I(ˮ) = ˠ(ˮ) + ˟(ˮ) + ˞(ˮ) ; ∀ ˮ -------------------------------------------------------------------(2.4) where ˠ(ˮ) is the trend, ˟(ˮ) is the seasonal term, and ˞(ˮ) is the random component.
Our interest is to decompose equation (2.4). We use the moving averages which can be obtained by computing the series of these averages, 
⋯ --------------------------------------------------------------------
(2.5) to smooth the series in order to remove the seasonal effect. To estimate the trend we fit the simple linear equation,
I(ˮ) = I + II(ˮ); ∀ ˮ --------------------------------------------------------------------------------------
(2.6) where I is the intercept of the trend line, I is the slope of the trend line, and I(ˮ)is the independent variable. By method of least squares we estimate the parameters of equation (2.6) as follows: Table 1 presents the number of transitions from one state to the other and their corresponding transition probabilities. For instance, the number of transitions from dry state to dry state for entire year is 7145 while its corresponding probability is 0.8353. The number of transitions from wet to wet state is 947 with corresponding transition probability of 0.4020. In Table  2 , the steady state probability which describes the weather condition in the long run is presented. For instance, the probability of having a dry day in the North Central Region of Nigeria is 0.7841 and that of having a wet day is 0.2159. The mean return time describes the recurrence time of event of dry or wet day. For instance, the recurrence time of a wet day in the first quarter is = 49.0196 which is approximately 49 days. This means that it takes about 49 days after a rainy day to have another rain in the first quarter. Figure 1 shows the graph of quarterly volume of rainfall in the region with evidence of seasonal variation. Using 4-point moving averages the series was smoothened to remove the figure 2 . Having removed the effect of season, the trend line was determined. The three graphs for actual, smooth and trend series are presented in figure 3 . The trend shows an upward movement of the line which means a slight increase in the amount of rainfall which may be owing to the effect of global warming. 
CONCLUSIONS
The time series plots show that the volume of water due to rainfall is on the increase in the region. Despite this anticipated increase in the volume of water owing rainfall, the distributions of dry and wet days have shown that the region is suited for the cultivation of most agricultural crops. Crops like Yam and Cassava could be grown in the first quarter because higher humidity and moist rich soil is best for growth and not wet soil. In the second quarter, it takes about 3 days for rain to return, the following crops could be planted for they are best suited for the rain conditions: Maize, Guinea Corn, Rice, Cassava, Groundnuts, Tomato, Melon and Soybean. This is because; maize and Guinea corn are planted with the instance of rain. Other crops like rice are also planted with the instance of rain as it requires plenty water for cultivation and good growth. These crops can also be grown anywhere even on the steep hill or mountain. Melon can be planted too with a little amount of rainfall as it can retain moisture with its leaves as a cover crop. In the third quarter, the mean return time for rain is about 2 days. This means that there is abundant rainfall. Crops like maize, Rice, Okra, Pepper, Potatoes, Melon and late Soybeans can be planted. Crops that grow well with plenty of moisture or wet soil would yield optimally at this time. In the fourth quarter, crops that do not require too much water for growth could be planted; example, Yam, Cassava, Okra, and Tomato can be grown. In general, the study of the distributions of dry and wet days can be useful for agricultural planning. Although the study period is not very long, the estimates obtained are reliable and in agreement with most popular and recent researches on global warming and rainfall. Hence, caution should be taken to avoid factors that could further heat the earth as this could dangerous to the development of agriculture in the near future.
